The purpose of the present study was to investigate whether the visual search process for familiar faces differs from that for unfamiliar faces. We used a single-target visual search task and recorded eye movements of participants during the task. We employed three different types of face familiarity: personally familiar faces (friends and teachers), famous faces, and unfamiliar faces. Participants had to search through arrays of faces for a target face. In each trial, a target face and three distractor faces were horizontally aligned and presented at the same time. In the personally familiar or famous condition, the target was a personally familiar face or a famous face, respectively, and the distractor faces were unfamiliar. In the unfamiliar condition, the target was an unfamiliar face and the distractor faces were personally familiar. The reaction times to identify the target demonstrated that the visual search for unfamiliar faces is slower than that for personally familiar faces and famous faces, but there was no significant difference between reaction times to recognize the personally familiar and the famous face targets. Additionally, the eye movement results in the unfamiliar face condition showed that an exhaustive search of the entire array occurred more frequently than a self-terminating search, but this was not true for both the personally familiar faces and famous faces conditions. These results suggest that the visual search process for familiar faces (personally familiar and famous) in a crowd differs from that for unfamiliar faces.
Introduction
People recognize familiar faces in a crowd. There has been a continuing interest in how people recognize familiar and unfamiliar faces since the 1970s (Bruce, 1979; Ellis, Shepherd, & Davies, 1979) to the present (Persike, Meinhardt-Injac, & Meinhardt, 2013; Walton & Hill, 2012) . Many previous studies suggest that familiar and unfamiliar faces are processed in different ways (Balas, Cox, & Conwell, 2007; Barton, Radcliffe, Cherkasova, Edelman, & Intriligator, 2006; Clutterbuck & Johnston, 2002; Gobbini, Leibenluft, Santiago, & Haxby, 2004; Persike et al., 2013; Young, Hay, McWeeny, Flude, & Ellis, 1985; see Johnston & Edmonds, 2009; Natu & O'Toole, 2011, for review) . Both behavioral and neuroscience studies have provided evidence to support the differences in the processing of familiar and unfamiliar faces. Johnston and Edmonds (2009) pointed out that the major differences between familiar and unfamiliar face processing have been observed in behavioral experiments. Participants can recognize familiar faces in poor viewing conditions, such as in low-quality images and at variable viewpoints (Balas et al., 2007; Johnston & Edmonds, 2009; Natu & O'Toole, 2011) . Increased familiarity of a face results in increased accuracy of identification and facilitation of the recognition process under many kinds of incomplete recognition conditions. On the other hand, recognizing unfamiliar faces is easily disrupted in poor lighting conditions (Hill & Bruce, 1996; Johnston, Hill, & Carman, 1992) , by changes in viewpoint (Balas et al., 2007; Bruce, 1982; Bruce et al., 1999; Hill, Schyns, & Akamatsu, 1997; O'Toole, Edelman, & Bulthoff, 1998) , and when image or video quality is poor (Balase et al., 2007; O'Toole et al., 2010) . It is also known that the internal features of a face (eyes, nose, and mouth area) are more important for the recognition of familiar faces than the external features (face shape and hair), although the recognition of unfamiliar faces is similarly efficient from internal or external features (Johnston & Edmonds, 2009; O'Donnell & Bruce, 2001; Young et al., 1985) . For example, in an earlier study, Young et al. (1985) reported that familiar faces were matched faster when paired with internal rather than with external features, although unfamiliar face matches presented no such difference. Subsequent studies showed that unfamiliar faces were recognized more slowly and less accurately than familiar faces if the viewpoint was incongruent between the study phase and the test phase (Balas et al., 2007; Hill et al., 1997) . The many advantages of familiar faces are probably derived from the differences in the neural mechanisms involved in the recognition of these faces. Many neuropsychological studies have described patients who present various face recognition impairments, for example, prosopagnosia or other dissociations between performance of tasks that require the processing of familiar and unfamiliar faces (Malone, Morris, Kay, & Levin, 1982; Tranel, Damasion, & Damasio, 1988; Warrington & James, 1967; Young, Newcombe, DeHaan, Small, & Hay, 1993) . For example, Young et al. (1993) described prosopagnosia patients who could identify familiar faces but were poor at identifying unfamiliar faces. These findings suggest that there are different neural mechanisms between recognition of familiar and unfamiliar faces.
Functional neuroimaging studies have detected some brain regions involved in unfamiliar face perception that respond more strongly to faces than to other objects (Natu & O'Toole, 2011) . This network of brain regions consists of the fusiform gyrus Kanwisher, McDermott, & Chun, 1997) , the inferior occipital gyrus (Halgren et al., 1999) , and the superior temporal sulcus (STS) (Allison, Puce, & McCarthy, 2000; Haxby, Hoffman, & Gobbini, 2000) . These core face-selective brain areas include the representation of the invariant aspects of faces for face recognition in the fusiform and inferior occipital gyri, and the variant aspects of faces, such as expression, gaze, and facial speech, in the posterior STS Natu & O'Toole, 2011) . On the other hand, familiar faces activate not only the core face-selective regions, but also other brain regions that represent semantic, episodic, and emotional information about an individual (Ewbank & Andrews, 2008; Gobbini et al., 2004; Gobbini & Haxby, 2007; Gorno-Tempini & Price, 2001; Rossion, Schiltz, & Crommelinck, 2003; Sugiura et al., 2001 ). These richly interconnected representations could affect the ease of recognition of familiar faces.
Although it is widely acknowledged that there are differences between the processing of familiar and unfamiliar faces, little is known about the visual search process for a familiar face in a crowd of unfamiliar faces and vice versa. The aim of the present study was to examine whether the visual search process for familiar faces differs from that for unfamiliar faces. In order to assess this issue, we used a single-target visual search task (Becker, Anderson, Mortensen, Neufeld, & Neel, 2011; Treisman & Gelade, 1980; Thornton & Gilden, 2007; Wolfe, 1992) and recorded eye movements of participants during the task by using an eye tracker. This task requires participants to search through arrays of objects for a target object and, therefore, can disclose differences in the efficiency with which particular target classes can be found (Becker et al., 2011) . In the present study, we used only target-present trials, that is, targets were presented in every array. If a target is equally likely to be present in each possible location within an array, participants would not need to search the arrays exhaustively (an ex-haustive search), but would terminate the search when the target is found (a self-terminating search).
We were also interested in investigating the effect of different types of face familiarity: personally familiar faces (e.g., close relatives and friends) known through real-world experiences, and famous faces (e.g., celebrities and politicians) whom the participants knew through the media. Previous studies suggested that personal familiarity of faces differs from famous face familiarity in terms of the amount of exposure, knowledge about personal traits, and emotional and semantic associations (Gobbini et al., 2004; Natu & O'Toole, 2011) . Thus, personal familiarity is associated with not only the visual information of a face, but also with emotional and social information, such as the person's mental state, personality, and the emotions that people experience upon seeing the face (Gobbini & Haxby, 2007) .
Method

Participants
Twelve undergraduate students (3 males and 9 females; age range: 21 to 23 years) participated in the present experiment. All participants had normal or corrected-to-normal vision and were naive with respect to the hypotheses under investigation. They gave written informed consent according to the recommendations of the Declaration of Helsinki to participate in the experiment. This study was approved by the local ethics committee.
Design
The experiment employed a one-factor (level of face familiarity: personally familiar face, famous face, or unfamiliar face) within-subject design.
Stimuli
We used gray-scale photographs of faces with a high-resolution frontal view so that broad color cues could not facilitate recognition of targets. Figure 1 illustrates examples of the images used in this experiment. We rejected images with excess jewelry, make-up, open mouths, or glasses. The images were 224 × 192 pixels in size. Each face was isolated from the original photographs and superimposed on a gray background using image editing software (Photoshop CS6; Adobe, California, USA). We employed three different familiarities of faces: personally familiar faces (friends and teachers in the same department of psychology), famous faces (actors, singers, public leaders, athletes), and unfamiliar faces (anonymous individuals).
For personally familiar faces, participants in this experiment were shown the entire set of 70 individuals (28 males and 42 females) who are undergraduate students or faculty in the Department of Psychology at Aichi University, and were asked to select 32 individuals familiar to them a month before the experiment. Eight of the selected individuals were randomly assigned to be target stimuli in the personally familiar condition, and the remaining 24 of them were assigned to be distractor stimuli in the unfamiliar condition. The participants rated these faces for familiarity on a 10-point scale, with 0 being not familiar at all and 10 being extremely familiar to them. The average familiarity rating for all personally familiar faces was 8.1 (SD 1.2). For famous faces, we selected eight images from the internet (4 males and 4 females). The eight famous faces were only assigned to be target stimuli in the famous condition and were not assigned to be distractor stimuli in any other conditions. All the famous faces were well known to the participants. The participants rated these faces for familiarity on a 10-point scale in the same manner as the personally familiar faces. The average familiarity rating for all famous faces was 8.7 (SD 0.8). For unfamiliar faces, we used 56 individuals who were selected from the pool of photographs of students and faculty in other university (28 males and 28 females). Eight of the selected individuals were randomly assigned to be target stimuli in the unfamiliar condition, and the remaining 48 of them were assigned to be distractor stimuli. The half of the distractor stimuli (24 individuals) was used in the personally familiar condition, and the remaining half of them (24 individuals) was used in the famous condition. These unfamiliar faces were selected to match personally familiar and famous faces on age, race, and gender. In total we presented participants with 24 target stimuli (8 targets × 3 conditions) and 72 distractor stimuli (24 distractors × 3 conditions). None of the target and distractor stimuli were used more than once in each participant. In the visual search task in the present study, a target face (personally familiar, famous, or unfamiliar) and three distractor faces were horizontally aligned and presented at the same time. In the personally familiar or famous condition, the target face was a personally familiar face or a famous face, respectively, and the distractor faces were unfamiliar faces. Conversely, in the unfamiliar condition, the target face was an unfamiliar face and the distractor faces were personally familiar faces. None of the target stimuli were used more than once in each condition.
Apparatus
The stimuli were displayed on a 17-inch CRT color monitor (EDT17AD, EPSON, Suwa, Japan) with a screen resolution of 1280 × 1024 pixels and a refresh rate of 75 Hz. This monitor was located at a distance of approximately 50 cm away from the participant. The mean luminance of the screen was 75 cd/m 2 . Eye movements were recorded using an eye tracker (EMR-AT VOXER, NAC Image Technology Inc., Tokyo, Japan) with a sampling rate of 60 Hz. We used EMR-dFactory version 1.1, eye movement data analysis software (NAC Image Technology Inc., Tokyo Japan). The eye tracker was calibrated to each participant's dominant eye, but viewing was binocular. Calibration was done using a nine-point calibration accuracy test. A chin rest maintained the participants' viewing position and distance.
Procedure
The participants were tested individually in a dimly lit room. The room was darkened so that the ambient illumination approximately matched the illumination on the screen. They were comfortably seated and performed the visual search task. In this task, they were asked to indicate a target face in a crowd of three distractor faces. They were encouraged to respond as quickly and accurately as possible. We recorded their eye movements during the task.
Each trial was begun by presenting a black fixation point displayed at the center of the monitor on a white background for one second, followed by a blank interval of 0.5 seconds. Then, a target face and three distractor faces were presented until the participant responded. These four faces were horizontally aligned and presented at the same time. The centers of the rightmost and leftmost face images were about 12 cm (442 pixels) away from the center of the screen, and the centers of the two face images at the middle of the face array were about 4 cm (147 pixels) away from the center of the screen. The task of the participants was to look for an instructed target face (personally familiar face, famous face, or unfamiliar face). They were asked to press the "1" key with the left middle finger when the target face was presented at the leftmost position, to press the "2" key with the left index finger when it was presented at the second position from the left, to press the "3" key with the right index finger when it was presented at the second position from the right, and to press the "4" key with the right middle finger when it was presented at the rightmost position. After responding, participants were given an intertrial interval of five seconds. Participants were not given feedback on whether their response was correct or not.
Prior to participating in the experimental trials, each participant completed a block of 6 practice trials using the experimenters' faces. The experimental session consisted of three blocks (the personally familiar face condition, the famous face condition, and the unfamiliar face condition). The order of the three experimental blocks was counterbalanced across participants, and each block consisted of eight trials. In total we presented each participant with 24 trials consisting in three blocks of eight trials. The target faces were presented once in one of the four positions in each block. The number of presented target faces was balanced across the four positions. The order of the eight trials in each condition was randomized across participants. After each experimental block there was a two-minute rest period. The experimental session lasted for approximately ten minutes.
After the visual search task, all participants took part in a familiarity verification exercise. They were shown printed copies of all the unfamiliar faces and asked to provide any copies of the unfamiliar faces if they had seen these individuals before. As a result, none of the participants had ever seen these individuals before.
Results
Accuracy
The average performance of correct responses for all participants across all three conditions exceeded 99% (personally familiar: 99%; famous: 99%; unfamiliar: 100%). In order to assess whether the familiarity of faces affects the visual search accuracy of a target face in a crowd of distractors, the proportion of correct responses was entered into a one-way repeated-measures ANOVA with the level of face familiarity (personally familiar, famous, or unfamiliar) as the within-subject factor. We found no significant main effect of the level of face familiarity, F < 1 between the proportions of correct responses. This result indicates that participants accurately found target faces in the crowd of distractor faces in all three conditions.
Reaction Time
Mean reaction times for correct responses to target in each experimental condition are given in Figure 2 . In order to reduce outlier effects (more than three standard deviations above the mean value for the condition), responses above three seconds (1.1% of all correct responses) were excluded from the analyses. A one-way repeated-measures ANOVA of the reaction times for correct responses was carried out to determine the effect of face familiarity. We found a significant main effect of the level of face familiarity on reaction time, F(2, 22) = 4.48, p < .05. Post-hoc comparisons using Ryan's procedure (α = .05) revealed that reaction times in the unfamiliar face condition (1686 ms) were longer than those in the personally familiar face (1394 ms) or famous face (1418 ms) conditions (p < .05), although there was no significant difference of reaction times between the personally familiar face and the famous face conditions. These results suggest that the visual search for unfamiliar faces is slower than that for personally familiar faces or famous faces.
Eye Movements
We recorded the participants' eye movement during the visual search task. In order to examine the difference in the visual search strategies used to recognize familiar faces versus unfamiliar faces, we focused on the proportions of those using a self-terminating search or an exhaustive search for the visual target. In this experiment, the self-terminating search was defined as the search strategy in which participants stop searching without seeing all four faces presented in a trial, and the exhaustive search was defined as the search strategy in which the participants see all the faces. Based on eye fixations that defined the intervals between the end of one saccade and the beginning of the next, we examined whether these fixations landed on the areas of interest that spanned from the top of the head to the bottom of the chin of each of the four faces presented in each trial.
Figure 2 also shows the average proportion of participants who used the self-terminating search in each experimental condition. A one-way repeated-measures ANOVA of the percentage of participants using the self-terminating search was carried out to determine the effect of face familiarity (personally familiar, famous, or unfamiliar). We found a significant main effect of the level of face familiarity, F(2, 22) = 5.48, p < .05. Post-hoc comparisons using Ryan's procedure (α = .05) revealed that the percentages of self-terminating search used in the unfamiliar face condition (33%) were lower than those used in the personally familiar face (52%) and famous face (58%) conditions (p < .05), although there was no significant difference in percentage of self-terminating search used between the personally familiar face and the famous face conditions. These results suggest that use of the self-terminating search in the unfamiliar face condition occurred less frequently than in the personally familiar face and famous face conditions, and that the exhaustive search is more common than the selfterminating search in the unfamiliar face condition.
Discussion
The purpose of the present study was to investigate whether the visual search process for familiar faces differs from that for unfamiliar faces. In order to address this issue, the experiment was conducted by using a singletarget visual search task for each face condition while recording eye movements during the task. We employed three different levels of face familiarity: personally familiar faces, famous faces, or unfamiliar faces. The mean reaction times demonstrate that the visual search for unfamiliar faces is slower than that for personally familiar faces and famous faces, but there is no significant difference in the time taken to recognize personally familiar and famous faces. Eye movements during the visual search task showed that the exhaustive search occurred more frequently than the self-terminating search when participants searched through arrays of personally familiar faces for a unfamiliar target face, but both personally familiar face and famous face target searches did not show more frequent use of the exhaustive search.
Our findings illuminate the mechanisms underlying the visual search for familiar and unfamiliar faces in terms of search facilitation and strategy. The reaction time results suggest that both the real world experiences with faces (i.e., personally familiar faces) and experience through the media (i.e., famous faces) facilitate the processing of facial identification in a crowd. These results are consistent with previous studies that have shown advantages in recognizing familiar faces over unfamiliar faces (e.g., Balas et al., 2007; Clutterbuck & Johnston, 2002; Young et al., 1985) . Visual components of rich internal features (e.g., eyes and mouth) and semantic longterm memory components (e.g., biographical information, name, and personal traits) of familiar faces allow for faster recognition than unfamiliar faces. Although it is not clear whether the face processing advantages observed in the personally familiar and famous faces arise from the same basic mechanism or from separate ones, a variety of mechanisms could cause fast processing of familiar faces. One possibility is that the internal features of often-viewed faces induce faster focusing on particular features of a target face (e.g., the shape of the eyes) (Balas et al., 2007; Young et al., 1985) or on configural information about the spatial relationships between the internal features of the face (Johnston & Edmonds, 2009 ). Another possibility is that a strong facial memory provides a low threshold to be able to make a decision about a familiar face target. The prior observation of those faces would function as a visual priming effect. However, the present study cannot distinguish between these possibilities. Interestingly, the exhaustive search for a target face occurred more frequently than the self-terminating search in the unfamiliar face condition, but this was not true in both the personally familiar face and the famous face conditions. These results imply that people do an exhaustive search of the entire array before they indicate the position of an unfamiliar face. Previous studies have suggested that there is a longer reaction time involved in the recognition of unfamiliar faces (e.g., Balas et al., 2007; Clutterbuck & Johnston, 2002; Young et al., 1985) and a longer duration of scanning of unfamiliar faces before the formation of a perceptual decision (Barton et al., 2006) . However, in a visual search for unfamiliar faces, our results suggest that a longer reaction time for unfamiliar face recognition in a crowd results not only from the longer duration of scanning a target unfamiliar face, but also from the exhaustive search of the entire array. A plausible interpretation of this scanning pattern is that participants compare an unfamiliar face (target) with familiar faces (distractors) if the unfamiliar face itself is not enough to make a correct decision. Thus, the participants defer a decision on an unfamiliar target face until the scanning for familiar faces is over. In terms of limitations, the relatively small sample size (n = 12) in the current study means that our results should be interpreted with caution.
In conclusion, our study demonstrates that the visual search process for familiar faces (i.e., personally familiar and famous) differs from that for unfamiliar faces. Our results indicate that an exhaustive search of entire arrays occurred more frequently than a self-terminating search when participants searched through arrays of personally familiar faces for an unfamiliar face, but this was not true for both personally familiar faces and famous faces searches.
